
NETWORK SYSTEM 



FIELD OF THE INVENTION 
This invention relates to a network for a terminal unit to 
receive various data, and more particularly to, a network system 
including a terminal unit that receives data transferred from a 
server on a network through a line. 

BACKGROUND OF THE INVENTION 
In recent years, the Internet with computer networks connected 
each other has been rapidly in wide use, thereby various services 
such as email, net news, download of moving picture or audio data 
and TV conference system have been supplied. The supplying of the 
various services is mainly supported by the enhancement in performance 
of computer and the progress of network communication technology. 

As the various services become widely used, terminal units to use 
the service have become also multiform. For example, as the multiform 
terminal units, there are home-use personal computers through 
conventional public telephone line, office -use computers through 
broadband dedicated line, and portable terminal units such as a 
personal digital assistant (PDA) and a cellular phone through wireless 
communication line . 

In using the various services on the Internet, it is necessary 
to set the communication line between a terminal unit and an application 
server to supply the various services on the Internet . In this regard, 
the setting of communication bandwidth is conducted so that the 
resource in network can be used effectively and thereby the terminal 
unit subject to the service can be comfortably serviced. Thus, the 




various service data are transferred from the application server. 

In setting the communication bandwidth, it is necessary to 
know the bandwidth of line between the application server and the 
terminal unit. Therefore, in conventional network systems, for 
5 example, bandwidth information is sent from the terminal unit to 
the application server, and through a communication line to be set 
based on this information, various service data are transferred 
from the application server to the terminal unit. 

On the other hand, Japanese patent application laid-open 
0 No. 11-112543 (1999) discloses a data communication method and a 
repeater used in the method. In the network system to which this 
method is applied, in order to conduct the data transfer using an 
optimum bandwidth, the repeater that stores in advance communication 
bandwidths to be set to respective communication identification 
5 information secures a communication bandwidth according to the 
communication identification information of repeating data received. 

Thereby, sending the bandwidth information and further installing 
a specific bandwidth securing protocol becomes unnecessary. 

However, in the conventional network system that bandwidth 
0 information is sent -before the start of communication, the terminal 
unit has to be equipped with an additional unit for sending the 
bandwidth information . So, there is a problem that the system prevents 
the mobile terminal from being miniaturized and lightened and lays 
all of various terminals such as the existing Internet system under 
5 need for being equipped with the like function. 

Also, it is practically difficult to apply the technology 
disclosed in Japanese patent application laid-open No. 11-112543 
to a network composing the existing Internet. Because, especially 




in case of the Internet with various networks connected each other, 
all the networks, not a specific network, need to be adapted to 
the technology. 

On the other hand, concerning the various networks connected 
5 each other in the Internet, the communication bandwidth between 
them is broad. In contrast, the line between the terminal unit and 
an access server included in the Internet for connection with this 
terminal unit is of narrow bandwidth. Therefore, the bandwidth of 
communication line to be set between the terminal unit and the 
10 application server often depends on the bandwidth of line between 
the terminal unit and the access server. Namely, if the bandwidth 
of line between the terminal unit and the access server were known, 
the resource in network would be used effectively and thereby the 
terminal unit subject to the service would be comfortably serviced, 
5 so that the various service data could be transferred from the 
application server . 

SUMMARY OF THE INVENTION 
Accordingly, it is an object of the invention to provide a 
20 network system that achieves the optimum data transfer between a 
terminal unit and an application server without requiring the 
connection information about the bandwidth of communication line 
therebetween from the terminal unit. 

It is a further object of the invention to provide a network 
25 system that is capable of being easily applied to the existing Internet 
system. 

According to the invention, a network system, comprises: 
a communication line having a predetermined bandwidth; 




a terminal unit that is connected to the communication line 
and receives data through the communication line; 

a first unit that includes the terminal unit through the 
communication line and repeats data to be communicated between the 
5 terminal unit and the first unit; and 

a second unit that sends data to the terminal unit through 
the first unit according to a bandwidth of the terminal unit that 
is estimated based on a data delay time of the communication line. 

According to another aspect of the invention, a network system, 
0 comprises : 

a communication line having a predetermined bandwidth; 

a terminal unit that is connected to the communication line 
and receives data through the communication line; 

a first unit that includes the terminal unit through the 
5 communication line and repeats data to be communicated between the 
terminal unit and the first unit; and 

a second unit that comprises a first measuring means that is 
connected to the first unit and measures a first round trip time 
as a data delay time between the terminal unit and the second unit, 
2 0 a second measuring means that measures a second round trip time 
as a data delay time between the first unit and the second unit, 
a communication line delay calculating means that calculates the 
data delay time of the communication line from the first and second 
round trip times measured by the first and second measuring means, 
25 respectively, a communication line bandwidth storing means that 
stores a bandwidth of the communication line corresponding to the 
data delay time of the communication line, and a data sending means 
that sends data to the terminal unit according to the bandwidth 




of the communication line stored in the communication line bandwidth 
storing means corresponding to the data delay time calculated by 
the communication line delay calculating means. 

According to another aspect of the invention, a network system, 
5 comprises: 

a terminal unit that sends an echo response with a predetermined 
counter value to the sender of a predetermined echo request; 

an access server that includes the terminal unit through a 
communication line and repeats data and the echo request to be 
0 communicatedbetween the terminal unit and the access sever, decrements 
a count value of the echo request every time repeating the echo 
request, and, when the count value becomes zero , sends an echo response 
to the sender of the echo request; 

one or more routers that are connected to the access server, 
5 repeats data and the echo request to be communicated between the 
terminal unit and the routers, decrements a count value of the echo 
request every time repeating the echo request, and, when the count 
value becomes zero, sends an echo response to the sender of the 
echo request; and 

0 an application server that is connected to any one of the routers , 

the application server comprising a first echo request sending means 
that sends a first echo request to the terminal unit, a first echo 
response receiving means that receives a first echo response in 
reply to the first echo request from the terminal unit, a first 

5 measuring means that measures a first round trip time as a data 
delay time between the terminal unit and the application server, 
the first round trip time being an elapsed time from send time of 
the first echo request until receive time of the first echo response, 



an estimating means that estimates the number of routers up to- the 
access server from a counter value of the first echo response received 
by the first echo response receiving means, a second echo request 
sending means that sends a second echo request with a count value 
that is set to be the number of routers estimated by the estimating 
means to the terminal unit, a second echo response receiving means 
that receives a second echo response in reply to the second echo 
request, a second measuring means that measures a second round trip 
time as a data delay time between the access server and the application 
server, the second round trip time being an elapsed time from send 
time of the second echo request until receive time of the second 
echo response, a communication line delay calculating means that 
calculates a data delay time of the communication line from the 
first and second round trip times measured by the first and second 
measuring means , respectively, a communication line bandwidth s toring 
means that stores a bandwidth of the communication line corresponding 
to the data delay time of the communication line, and a data sending 
means that sends data to the terminal unit according to the bandwidth 
of the communication line stored in the communication line bandwidth 
storing means corresponding to the data delay time calculated by 
the communication line delay calculating means. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The invention will be explained in more detail in conjunction 

with the appended drawings, wherein: 

FIG . 1 is an explanatory diagram showing the schematic composition 

of a network system in a preferred embodiment according to the 

invention ; 




FIGS . 2A and 2B are explanatory diagrams showing the composition 
of data to be communicated in the network system in the embodiment; 

FIG. 3 is a block diagram showing the composition of a terminal 
unit concerning the estimation control of line bandwidth in the 
embodiment ; 

FIG. 4 is a flow chart showing the connection processing of 
communication route between the terminal unit and an application 
server in the embodiment; 

FIG. 5 is a flow chart showing the echo processing between the 
terminal unit and the application server in the embodiment; 

FIG. 6 is a block diagram showing the composition of an access 
server concerning the estimation control of line bandwidth in the 
embodiment ; 

FIG. 7 is a flow chart showing the packet repeat processing 
of the access server in the embodiment; 

FIG. 8 is a block diagram showing the composition of the 
application server concerning the estimation control of line bandwidth 
in the embodiment; 

FIG. 9 is a table showing the content of a first criterion table 
in the embodiment; 

FIG. 10 is a table showing the content of a second criterion 
table in the embodiment; 

FIG. 11 is a flow chart showing the outline of the estimation 
control of line bandwidth by the application server in the embodiment; 

FIG. 12 is a flow chart showing an RTT^ calculation processing 
in the embodiment; 

FIG. 13 is a flow chart showing an estimation processing Ei 
in the embodiment; 
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FIG.14 is a flow chart showing an RTT2 calculation processing 
in the embodiment; 

FIG. 15 is a flow chart showing an estimation processing E2 
in the embodiment; 

5 FIG. 16 is a flow chart showing an estimation processing E3 

in the embodiment; 

FIG. 17 is a flow chart showing the data transfer processing 
of the application server in the embodiment; and 

FIG. 18 is a diagram showing the operation sequence of the network 
10 system in the embodiment. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The preferred embodiment of the invention will be explained 
below . 

FIG.l shows the schematic composition of a network system in 
the preferred embodiment according to the invention. In the network 
system of the embodiment, multiple networks Nq to N N are connected 
through first to N-th routers 10i to 10 N , respectively. The first 
to N- th routers 10i to 10 Nl respectively, conduct the repeat processing 
of packet data to be transferred between networks connected, on 
the network layer of open systems interconnection (OSI) basic reference 
model. Various network devices such as a personal computer are 
connected with the networks Nq to N N . In this example, an application 
server 11 to store contents data as service data for offering various 
25 services is connected with the network N N . 

In getting contents data being stored in the application server 
11 by accessing the Internet that is composed of the networks Nq 
to N^, it is necessary to connect a terminal unit to any one of 
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the networks Nq to N N , like the application server 11 , directly 
or through an access server included in any one of the networks 
Nq to N N . In case of being directly connected to any one of the 
networks Nq to N N , the terminal unit needs to be included in a dedicated 
5 network and is connected through the router to any one of the networks 
Nq to N N . On the other hand, in case of being connected through 
the access server, the terminal unit needs to be connected to the 
access server through public telephone line or wireless communication 
line that is of a significantly narrow-band line compared with the 
_10 dedicated network. Especially home-use personal computers, and 
portable terminal units such as PDA and cellular phone need the 
access server in accessing the Internet. 

In the network system of the embodiment, it is given that an 
access server 12 is included in the network Nq and the terminal 
5 unit 13 is connected with the access server 12 through a line 14 
such as public telephone network, cellular network and PHS (personal 
handy-phone system. 

The first to N-th routers 10! to 10 N , application server 11, 
access server 12 and terminal unit 13, respectively, are provided 
50 with unique address, by which they can be identified each other. 

Of the communication route sections between the application 
server 11 and terminal unit 13, the line 14 between the access server 
12 and the terminal unit 13 is, as described earlier, provided with 
a considerably narrowbandwidth compared with the other route sections . 
25 In the network system of the embodiment, therefore, based on the 
consideration that the communication bandwidth between the 
application server 11 and the terminal unit 13 depends on the line 
14 between the access server 12 and the terminal unit 13, the system 




is enabled to estimate the bandwidth of the line 14. Namely, since 
the bandwidth of the line 14 corresponds to the data delay time 
of the line 14, the data delay time of the line 14 is measured using 
an echo request to be sent from the application server 11 and an 
echo response to be sent, in reply to the echo request, from the 
network device (terminal unit 13) . Then, the application server 
11 estimates the bandwidth of the line 14 according to the data 
delay time measured of the line 14 , and based on the bandwidth estimated, 
contents data being requested by the terminal unit 13 is transferred. 
Thereby, the system enables the terminal unit 13 to comfortably 
receive the contents data while using effectively the resource of 
the networks Nq to * 

FIGS.2A and 2B show the schematic composition of data to be 
communicated through the networks Nq to N N in this embodiment. The 
echo request, echo response and contents data, respectively, that 
are communicated through the networks Nq to N N compose an IP (Internet 
protocol) packet data 20 in FIG.2A. The IP packet data 20 is composed 
of an IP header field 21 that various control information for 
disassembly and assembly of data and for communication route control 
is located, and an IP data field 22 that disassembled packet data 
to be communicated is located. The IP header field 21 is, as shown 
in FIG.2B, composed of a counter field 23 that a counter value to 
indicate the number of routers allowed to be passed through, a sender 
address 24 that a unique address assigned to a network device, the 
sender of data, is located, and a destination address 25 that a 
unique address assigned to a network device, the destination of 
data is located. 

For example, in case of IP packet data to be transferred from 




the application server 11 to the terminal unit 13, the address of 
the application server 11 is located in the sender address 24, the 
address of the terminal unit 13 is located in the destination address 
25, such a counter value as not to make the data stay in the networks 
Nq to N N during a long time for some reason is located in the counter 
field 23, and the contents data to be sent is located in the IP 
data field 22. The counter value of the counter field 23 is set 
to have an initial value by the sender, and then is decremented 
by one every time IP packet data is passed through the router or 
access server. When the counter value becomes zero, the IP packet 
data itself is discarded without repeating any more. 

The echo request and the echo response also have a similar 
composition to that of the IP packet data carrying the contents 
data. However, in the IP data field thereof, a control message of 
Internet control message protocol (ICMP) is located. The control 
message of ICMP allows identifying whether the IP packet data is 
echo request or echo response. The application server 11 sends the 
echo request having the counter field with a proper initial value 
written, to the terminal unit 13 as the destination. If the counter 
value becomes zero at the router or access server before the data 
reaches the terminal unit 13, the ICMP time exceeded message is 
sent to the sender of echo request instead of the echo reponse as 
a replay. In this invention, the sender of the echo request, the 
application server 11, deals with the ICMP time exceeded message 
as the echo response. When the data reaches the terminal unit 13 
as the destination, the echo response having the counter field with 
a proper initial value written is sent as a reply. 

The details of the network system in this embodiment that the 




bandwidth of the line 14 between the access server 12 and the terminal 
unit 13 is estimated by communicating such an IP packet data are 
explained below. 

FIG. 3 shows the schematic composition of the terminal unit 
13 in this embodiment concerning the above-mentioned bandwidth 
estimation control of the line 14. The terminal unit 13 is composed 
of a line interface (IF) 30 that includes the line connected to 
the access server 12, a packet processing section 31 that conducts 
the disassembly and assembly of IP packet data to be communicated 
through the line 14 with the access server 12, a network connection 
processing section 32 that sets a communication route through the 
access server 12 up to the application server 11 on the Internet 
composed of the networks Nq to N N , and an echo request processing 
section 3 3 that sends the echo response in reply to the echo request 
from the application server 11. 

The terminal unit 13 thus composed, in the form of IP packet 
data, requests the setting of a communication route up to the 
application server 11, thereby getting contents data through the 
communication route being set, and sends the echo response in reply 
to the echo request from the application server 11. The terminal 
unit 13 has a CPU (central processing unit) not shown, thereby it 
can conduct the above various controls based on a control program 
stored in a given storage. 

FIG . 4 shows the outline of connection processing of communication 
route up to the application server 11 to be conducted by the terminal 
unit 13 in this embodiment before getting the contents data . Meanwhile , 
it is given that the line 14 between the terminal unit 13 and the 
access server 12 is already set. In the terminal unit 13, the network 




connection processing section 32 starts the connection processing 
of communication route up to the application server 11 for getting 
the contents data (step S40 : Y) , and then the packet processing sec tion 
31 generates a connection request packet having the composition 
of IP packet data in FIG.2A (step S41) . In this connection request 
packet, the addresses of the terminal unit 13 and the application 
server 11 are located in the sender address and destination address, 
respectively, and data to indicate the connection request is located 
in the IP data field. In the counter field, such a counter value 
as to discard the data without being stayed in the networks during 
a long time for some reason is located. Then, the connection request 
packet is sent from the line IF 30 through the line 14 to the access 
server 12 (step S42). 

When the access server 12 receives the connection request packet 
from the terminal unit 13, it refers to at least the destination 
address and repeats this to the communication route being preset. 

After sending the connection request packet, the packet 
processing section 31 of the terminal unit 13 monitors the reception 
of a connection approval packet to indicate the connection approval 
in reply to the connection request from the application server 11 
subjected to the connection request (step S43 :N) . When the reception 
is detected (step S43:Y) , a response packet to confirm the reception 
of the connection approval is generated (step S44 ) . in the connection 
approval packet, the addresses of the application server 11 and 
the terminal unit 13 are located in the sender address and destination 
address, respectively, and data to indicate the connection approval 
is located in the IP data field. In the counter field, such a counter 
value as to discard the data without being stayed in the networks 




.during, a long time for some reason is located. In like manner, in 
the response packet, the addresses of the terminal unit 13 and the 
application server 11 are located in the sender address and destination 
address, respectively, and data to indicate the response in reply 
to the connection approval is located in the IP data field. In the 
counter field, such a counter value as to discard the data without 
being stayed in the networks during a long time for some reason 
is located. The terminal unit 13 sends this response packet to the 
access server 12 through the line 14 (step S45), and then finishes 
the processing thus far. 

When the communication route up to the application server 11 
is thus set according to the connection request of the terminal 
unit 13, an echo request is first sent from the application server 
11 to the terminal unit 13. 

FIG. 5 shows the outline of the echo request processing by the 
terminal unit 13 in this embodiment. The echo request processing 
section 33 of the terminal unit 13 monitors the reception of echo 
request from the application server 11 (step S50:N). When the 
reception of echo request is detected from the control message of 
ICMP in the IP data field of an IP data packet received (step S50 : Y) , 
an echo response that the sender address, i.e. the address of 
application server 11, in the echo request received is written into 
the destination address, the address of the terminal unit 13 is 
written into the sender address, and data to indicate the echo response 
with the control message of ICMP is located in the IP data field 
is generated (step S51) . In the counter field, such a counter value 
with several bits assigned as not to make the data stay in the networks 
during a long time for some reason is located. Since the number 




of routers passed through between the terminal unit 13 and application 
server 11 is normally less than 30, more than five bits are assigned 
to the counter field. Thus, as the initial value of the counter 
value, a numeral that is easy to estimate, e.g. "32", "128" and 
5 "255", is used. 

The echo response thus generated is again sent from the packet 
processing section 31 through the line 14 to the access server 12 
(step S52). When the access server 12 receives the echo response 
from the terminal unit 13, it refers to at least the destination 
,0 address and repeats this to the communication route being preset. 

The details of the access server 12 and the first to N- th routers 
10i to 10^ are explained below. Meanwhile, in the composition of 
these devices, part concerning the line estimation control in this 
embodiment is substantially common each other, therefore the 
5 explanation below relates to only the access server 12. 

FIG. 6 shows the schematic composition of the access server 
12 in this embodiment concerning the line estimation control of 
the line 14 . The access server 12 is composed of a line IF 60 including 
the line 14 connected to the terminal unit 13, a network IF 61 having 
0 the interface function with the network Nq , a packet transfer section 
62 that conducts the repeat processing of IP packet data between 
the line 14 and the network Nq, a counter processing section 63 
that, based on a counter value in the counter field of a IP packet 
data repeated, determines whether to discard the data or to send 
5 the echo response, and an echo processing section 64 that conducts 
the echo response processing based on the determination result of 
the counter processing section 63 . 

The access server 12 thus composed has a CPU (not shown) , thereby 




it can conduct the above various controls based on a control program 
stored in a given storage. 

FIG. 7 shows the outline of repeat processing by the access 
server 12 in this embodiment. The packet transfer section 62 of 
the access server 12 monitors the reception of IP packet data through 
the line IF 60 or the network IF 61 (step S70:N) . When the reception 
is detected (step S70:Y), the counter value in the counter field 
of an IP packet data received is decremented by one in the counter 
processing section 63 (step S71) . Then, it is judged whether the 
counter value decremented in the counter field is zero or not (step 
S72) . If judged the counter value is zero (step S72:Y), then it 
is judged whether the IP packet data received is an echo request 
or a normal IP packet data, by referring to the IP data field thereof 
(step S73) . 

If judged the IP packet data received is an echo request (step 
S73:Y), then an echo response is generated by the echo processing 
section 64 (step S74) . Then, the echo processing section 64 sends, 
as a reply, the echo response that the sender address of the echo 
request received is written into the destination address, through 
the packet transfer section 62 to the destination address (step 
S75), and then the processing thus far is finished (end). 

If at step S73 it is judged that the IP packet data received 
is, not the echo request, e.g. a normal packet data carrying contents 
data sent from the application server 11 (step S73:N), the packet 
data is discarded without repeating (step S76) . Then, the discard 
notification is sent to a sender identified from the sender address 
of the packet data discarded, and then the processing thus far is 
finished (end) . Meanwhile, in this embodiment, the discard 




notification is also sent as an echo response. 

If at step S72 it is judged that the counter value of the IP 
packet data received is not zero (step S72:N), the packet data is 
transferred to the destination designated by the destination address 
of the echo request (step S77) , and then the processing thus far 
is finished (end) . 

The main composition of the first to N-th routers 10 1 to 10 N 
concerning the line estimation control in this embodiment is similar 
to that of the access server 12 in FIG. 6, therefore the explanation 
thereof is omitted here. However, different from the access server 
12, the first to N-th routers 10x to 10 N are not equipped with the 
line IF 60, and instead of this, they have the network interface 
function to offer the connection through the network IF 61. Also, 
the operation of the main composition of the first to N-th routers 
10! to 10 N concerning the line estimation control in this embodiment 
is similar to that of the access server 12 in FIG. 7, therefore the 
explanation thereof is omitted here. 

The details of the application server 11 are explained below. 
FIG. 8 shows the schematic composition of the application server 
11 in this embodiment concerning the line estimation control of 
the line between the terminal unit 13 and the access server 12. 
The application server 11 is composed of: a network IF 80 having 
the interface function with the network N^; a packet processing 
section 81 that conducts the assembly and disassembly of IP packet 
data to be communicated between the application server 11 and the 
network N N ; a network connection processing section 82 that sets 
the communication route up to the terminal unit 13 through the access 
server 12 included in the Internet composed of the networks Nq to 




N N ; an echo processing section 83 that conducts the transmission 
of echo request to the terminal unit 13 and the reception of echo 
response from the terminal unit 13; an RTT calculation processing 
section 84 that calculates a round trip time (RTT) , a data delay 
time in communication route, from send (=transmit) time and receive 
time of echo request and echo response, respectively, by the echo 
processing section 83; an estimation section 85 that estimates the 
bandwidth of the line 14 based on the processing results of the 
echo processing section 83 and the RTT calculation processing section 
84; and a table 86 that stores criteria in estimating the bandwidth 
of the line 14 by the estimation section 85. 

The application server 11 thus composed sends the echo request 
to the terminal unit 13 when the communication route up to the terminal 
unit 13 is set by the network connection processing section 82, 
and then waits for the reception of the echo response, in reply 
to the echo request, sent from the terminal unit 13. When the echo 
response is received, the RTT calculation processing section 84 
calculates a RTT, RTT^ , in the communication route set by the network 
connection processing section 82, from send time of the echo request 
and receive time of the echo response. Although in this example 
the RTT is measured from send time of the echo request and receive 
time of the echo response, it may be measured by starting the clocking 
of a timer at the transmission of echo request and then stopping 
the clocking at the reception of echo response . In brief , the elapsed 
time from the transmission of echo request until the reception of 
echo response only has to be known. 

Then, the estimation section 85 estimates an initial counter 
value in the counter field set by the terminal unit 13, the sender, 




from the. counter value in the counter field of the echo response 
received. Thereby, the number of routers between the application 
server 11 and the terminal unit 13 can be specified. Then, the echo 
processing section 83 sends an echo request to the access server 
12 that is located prior to the terminal unit 13 , thereby the application 

server 11 can know a RTT , RTT2 , of the communication route between 
the application server 11 and the access server 12. 

Accordingly, representing the data delay time of the line 14 
by "t", the t is given by equation (1) below. 

t * RTT! - RTT 2 ». (1) 

The application server 11 judges whether the line 14 is a 
narrow-band line or broad-band line, from the data delay time t 
calculated by equation (1) . If judged a broad-band line, it sets 
the maximum communication bandwidth of the communication route up 
to the terminal unit 13, then transferring the contents data. Also, 
if judged a narrow-band line, it sets a communication bandwidth 
corresponding to the data delay time t of the line 14 , then transferring 
the contents data. 

Thus, the application server 11 is provided with the table 
86 having first and second criterion tables 90 and 95, described 
below, that are used as the criteria for the bandwidth estimation 
of the line 14. 

FIG. 9 shows an example of the first criterion table 90 used 
in judging whether the line 14 is a narrow-band line or broad-band 
line. In the first criterion table 90, the results of judgement 
are defined corresponding to the data delay time t of the line 14 
and the RTT, RTT 2 , between the application server 11 and the access 
server 12. The data delay time t of the line 14 and the RTT 2 each 
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are binarized into "large" and "small". In this example, given that 
the packet size of echo request is around 100 bytes, more than 100 
ms is defined as the "large" and less than 100 ms is defined as 
the "small". 

In this way, if the data delay time t of the line 14 is more 
than 100 ms ("large") and the RTT2 is less than 100 ms ("small"), 
then it is judged that the line 14 is of the narrow-band line in 
communication and the terminal unit 13 is connected with a near 
network due to the small RTT2 to indicate the short distance up 
to the access server 12. Also, if the data delay time t of the line 
14 is less than 100 ms ("small") and the RTT2 is more than 100 ms 
.("large"), then it is judged that the line 14 is of the broad-band 
line in communication and the terminal unit 13 is connected with 
a distant network due to the large RTT2 to indicate the long distance 
up to the access server 12. If the data delay time t of the line 
14 is more than 100 ms ("large") and the RTT2 is more than 100 ms 
("large"), then it is judged that the line 14 is of the narrow-band 
line in communication and the terminal unit 13 is connected with 
a distant network due to the large RTT2 to indicate the long distance 
up to the access server 12. If the data delay time t of the line 
14 is less than 100 ms ("small") and the RTT 2 is less than 100 ms 
("small") , then it is judged that the line 14 is of the broad-band 
line in communication and the terminal unit 13 is connected with 

a near network due to the small RTT2 to indicate the short distance 
up to the access server 12. 

On the other hand, the second criterion table 95 is a table 
to determine the bandwidth of the line 14 so as to transfer the 
contents data from the application server 11 at an optimum bandwidth 



when the line 14 is judged as the narrow-band line based on- the 
first criterion table 90. 

FIG. 10 shows an example of the second criterion table 95 used 
in determining the bandwidth of the line 14 . In the second criterion 
table 95, the bandwidth of the line 14 to be determined is defined 
corresponding to the data delay time t of the line 14. Namely, if 
the data delay time t of the line 14 is more than 500 ms , then the 
bandwidth of the line 14 is determined to be less than 9600 bps. 

If the data delay time t of the line 14 is 250 ms to 500 ms , then 
the bandwidth of the line 14 is determined to be 9600 bps to 32 
kbps. If the data delay time t of the line 14 is 180 ms to 250 ms, 
then the bandwidth of the line 14 is determined to be 32 kbps. If 
the data delay time t of the line 14 is less than 180 ms, then the 
bandwidth of the line 14 is determined to be 64 kbps. 

The details of the line estimation control by the application 
server 11 are explained below. 

The application server 11 has a CPU (not shown) , thereby it 
can conduct the above various controls such as the estimation control 
of line bandwidth etc. based on a control program stored in a given 
storage . 

FIG. 11 shows the outline of the bandwidth estimation control 
of the line 14 by the application server 11 in this embodiment. 
When the communication route through the access server 12 and the 
line 14 to the terminal unit 13 is set, the application server 11 
sends an echo request to the terminal unit 13. Then, it receives, 
as a reply, an echo response from the terminal unit 13, thereby 
calculating the RTT, RTT^ , from there to the terminal unit 13 (step 
S100) . Then, based on the counter value located in the echo response 
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from the terminal unit 13, an estimation processing to estimate 
the number of routers from the application server 11 to the access 
server 12 is conducted (step S101). Then, according to the result 
of the estimation processing E lt it sends the echo request with 
an initial counter value that is set to allow the access server 

12 to reply the echo response, and then calculates the RTT, RTT2, 
from there to the access server 12 (step S102) . 

Meanwhile, depending on the composition of the networks Nq 
to N N , the number RNi of routers in the route -from the application 
server 11 to the terminal unit 13 may be different from the number 
RN2 of routers in the route from the terminal unit 13 to the application 
server 11. Since the estimation processing Ei thus estimates the 
number RN 2 of routers in the route from the terminal unit 13 to 
the application server 11, an estimation processing E 2 , detailed 
later, checks whether this estimation is correct or not (step S103) . 

As a result, the data delay time t of the line 14 is calculated, 
and then, based on the first and second criterion tables in FIGS . 9 

and 10, an estimation processing E3 to determine the bandwidth of 
the line 14 is conducted (step S104). 

Theprocessingof the application server 11 in FIG*. 11 is explained 
in detail below. 

FIG. 12 shows the outline of the RTT^ calculation processing 
in FIG . 1 1 . In the application server 11 , the packet processing section 
81 monitors the reception, through the network IF 80, of an connection 
request packet to request the setting of the communication route 
from the terminal unit 13 as explained in FIG . 4 (step S110:N) . When 
the reception is detected (step S110:Y) and the connection through 
the communication route up to the terminal unit 13 is approved, 




the network connection processing section 82 generates the connection 
approval packet (step Sill) . In the connection approval packet, 
the addresses of the application server 11 and the terminal unit 
13 are located in the sender address and the destination address, 
respectively, and data to indicate the approval is located in the 
IP data field. In the counter field, such a counter value as to 
discard the data without being stayed in the networks during a long 
time for some reason is located. Then, the packet processing section 
81 sends the connection approval packet to the terminal unit 13 
(step S112) . 

Thereafter, the packet processing section 81 waits for the 
reception of a response packet, in reply to the connection approval 
packet sent at step S112, sent from the terminal unit 13 (step S113 :N) . 
When the response packet is received (step S113:Y), it is judged 
that the communication route up to the terminal unit 13 is set, 
and then an echo request is generated by the echo processing section 
83 and is sent to the terminal unit 13 (step S114) . In the echo 
request, the address of the terminal unit 13 is located in the 
destination address, the address of the terminal unit 13 is located 
in the sender address, and data to indicate the echo response with 
the control message of ICMP is located in the IP data field. In 
the counter field, such a counter value as not to discard the data 
without being stayed in the networks during a long time for some 
reason is located. 

After that, the echo processing section 83 waits for the reception 
of an echo response, in reply to the echo request sent at step S114, 
sent from the terminal unit 13 (step S115:N) . When the echo response 
is received (step S115:Y), the RTT calculation processing section 



84 calculates the RTT 1# which is an RTT up to the terminal unit 
13, from send time of the echo request, at step S114 and receive 
time of the echo response at step S115 (step S116) . The RTTi up 
to the terminal unit 13 is calculated by equation (2) below. 

RTTi = (receive time of echo response) - (send time of echo 
request) ... (2) 

FIG. 13 shows the outline of the estimation processing Ei in 
FIG. 11. The estimation section 85 of the application server 11 first 
acquires the counter value in the counter field from the echo response 
received by the packet processing section 81. This counter value 
is subjected to the decrement every time the echo response, which 
has such an initial value as not to make the data stay in the networks 
during a long time for some reason to be set after the terminal 
unit 13 received the echo request, is passed through the access 
server 12 and the first to N-th routers 10i to 10 N . Since the number 
of routers passed through between the terminal unit 13 and application 
server 11 is normally less than 30, more than five bits are assigned 
to the counter field. Thus, as the initial value of the counter 
value, a numeral that is easy to estimate, e.g. "32", "128" and 
"255", is used. Thereby, the initial value set by the terminal unit 
13 can be estimated (step S120) . For example, when the counter value 
in the counter field of the echo response received by the application 
server 11 is "121", since, as described above, the number of routers 
passed through between the terminal unit 13 and application server 
11 is normally less than 30, the initial counter value is estimated 
to be "128" . 

Then, thenumber of routers up to theaccess server 12 is calculated 
by equation (3) below. 



(number of routers) = (estimated initial value) - (counter 
value of echo response) - 1 ... (3) 

Thus, when the counter value in the counter field of the echo 
response received by the application server 11 is "121", the number 
of routers up to the access server 12 is "6 (=128-121-1)". 

If the number of routers calculated is zero or less (stepS122:Y), 
since it is impossible to conduct the estimation processing, a given 
stop processing is conducted to stop the concerned processing (step 
S123) . On the other hand, if the number of routers calculated is 
not zero (step S122:N), it proceeds to the next processing. 

FIG. 14 shows the outline of the RTT2 calculation processing 
in FIG. 11. The estimation section 85 of the application server 11 
generates a new echo request that the number of routers up to the 
access server 12 calculated by the echo processing section 83 at 
step S121 in FIG. 13 is set as the counter value of the counter field, 
(step S125) . Then, this echo request is sent to the terminal unit 
13 by the packet processing section 81 (step S126) . In fact, since 
the counter value is decremented by one at the first to N-th routers 

10i to 10 N and the access server 12, an echo response as a reply 
is sent from the access server 12. 

On the other hand, the application server 11 waits for. the 
reception of the echo response sent from the terminal unit 13 in 
reply to the echo request sent at step S126 (step S127:N). When 
the echo response is received (step S127:Y), the RTT calculation 
processing section 84 calculates the RTT2 , which is an RTT up to 
the access server 12, from send time of the echo request at step 
S126 and receive time of the echo response at step S127 (step S128) . 
The RTT2 up to the access server 12 is also calculated by equation 




(2) . 

FIG. 15 shows the outline of the estimation processing E2 in 
FIG. 11. As described earlier, depending on the composition of the 
networks Nq to N N , the number RN^ of routers in the route from the 
application server 11 to the terminal unit 13 may be different from 
the number RN2 of routers in the route from the terminal unit 13 
to the application server 11. Here, If the number RN^ of routers 
in the route from the application server 11 to the terminal unit 
13 is less than the number RN2 of routers, which is estimated in 
the estimation processing Ei, in the route from the terminal unit 
13 to the application server 11, the echo request sent at step S126 
in FIG. 14 must reach the terminal unit 13. Therefore, by checking 
whether the echo response received by the application server 11 
is sent from the terminal unit 13 or not, it is judged whether the 
estimation processing was correct or not. 

In detail, the application server 11 checks whether the echo 
response received through the network IF 80 by the packet processing 
section 81 in reply to the echo request sent at step S126 in FIG. 14 
(step S130) . This can be easily conducted by referring to the sender 
address of the echo response received. As a result, if determined 
the echo response is not from the terminal unit 13 (step S130:N), 
it is judged that the estimation in the estimation processing Ei 
was correct, and then the estimation processing E2 is finished (end) . 
Thus, when the number RNi of routers in the route from the application 
server 11 to the terminal unit 13 is larger than the number RN2 
of routers in the route from the terminal unit 13 to the application 
server 11, it is determined that the echo response is sent from 
the access server 12, and it proceeds to the next processing. 




On the other hand, if determined the echo response is from 
the terminal unit 13 (step S130:Y), it is judged that the estimation 
in the estimation processing was not correct, and then an echo 
request that the initial counter value of the echo request at step 
S126 in FIG. 14 estimated in the estimation processing Ex is divided 
by two and this value divided is newly set as the counter value 
of the counter field is generated. Then, returning to step S126 

in FIG. 14, the RTT2 up to the access server 12 is calculated again 
(step S131) . 

FIG. 16 shows the outline of the estimation processing E3 in 
FIG. 11. After, as explained in FIGS. 12 to 15, the RTTi up to the 
terminal unit 13 and the RTT 2 up to the access server 12 are calculated, 
the data delay time t of the line 14 is then calculated by equation 
(1) , described earlier (step S135) . Then, based on the data delay 
time t of the line 14 , the network composition between the application 
server 11 and the terminal unit 13 is judged referring to the tables 
in FIGS . 9 and 10 (step S13 6) . If judged the line 14 is of a narrow -band 
line in reference to FIG. 9, then the detailed line bandwidth of 
the line 14 with the terminal unit 13 connected is estimated in 
reference to FIG. 10 (step S137). 

FIG. 17 shows the outline of the data transfer processing by 
the application server 11. After the bandwidth of the line 14 is 
estimated as shown in FIG. 16, the contents data. is transferred to 
the terminal unit 13 as below. Namely, if judged the line 14 with 
the terminal unit 13 connected is of the narrow-band line in reference 
to FIG. 9 (step S140 : Y) , a specific line bandwidth is set in reference 
to FIG . 10 , and then the contents data being requested from the terminal 
unit 13 is transferred therethrough (step S141) . On the other hand, 




if judged the line 14 with the terminal unit 13 connected is -not 
of the narrow-band line (step S140:N), the predetermined maximum 
bandwidth is set, and then the contents data being requested from 
the terminal unit 13 is transferred therethrough (step S142) . 

The operation of the network system in this embodiment composed 
as described thus far is explained below. 

FIG. 18 shows the outline of the operation of the network system 
in this embodiment. In FIG. 18, defining the vertical coordinate 
axis as time axis, viewing from packet data being communicated among 
the terminal unit 13, the access server 12 and the application server 
11, the operation sequence of the network system in the embodiment 
is shown. Given that the line 14 between the terminal unit 13 and 
the access server 12 is already set, when the terminal unit 13 having, 
e.g., a browser function acquires and browses contents data stored 
in the application server 11, the terminal unit 13 first sends a 
connection request to the application server 11 (connection request 
150) . This connection request is composed of IP packet data as shown 
in FIG.2A and as explained in FIG. 4. Thus, the IP packet data is 
transferred through the access server 12, which is included in the 
Internet composed of the networks Nq to N N , to the application server 
11 that is identified by an address located in the destination address 
of the IP packet data. When the application server 11 receives the 
connection request 150 from the terminal unit 13, it checks whether 
the connection contact concerning the terminal unit 13, the sender, 
exists or not. When it is confirmed that the terminal unit 13 is 
allowed to connect with the application server 11, the application 
server 11 sends a connection approval 151 as a reply. The terminal 
unit 13 sends a response 152 to the application server 11 to inform 




that of the connection approval being received. 

Then, the application server 11 sends a first echo request 
153 to the terminal unit 13 in order to estimate the bandwidth of 
the line 14 that the terminal unit 13 is connected with the access 
server 12. The counter value in the counter field of the first echo 
request 153 is set to be such an initial value as to reach the terminal 
unit 13 and not to make the data stay in the networks during a long 
time without reaching the terminal unit 13 for some reason. When 
the terminal unit 13 receives the first echo request 153, it sends 
a first echo response 154 with a destination address that is replaced 
by the address of the application server 11 which is the sender 
address of the first echo request 153. Several bits are assigned 
to the counter field of the first echo response 154, and, considering 
that the number of routers passed through between the terminal unit 
13 and application server 11 is normally less than 3 0, a numeral 
that is easy to estimate, as described earlier, is set as the initial 
value of the counter value. 

After the first echo response 154 is sent from the terminal 
unit 13, the counter value in the counter field of the first echo 
response 154 is decremented by one every time the first echo response 
154 is passed through the access server 12 and the first to N-th 
routers 10i to 10 N in the networks Nq to N N . The first echo response 
154 finally reaches the application server 11 designated by the 
destination address. The application server 11 is enabled to clock 
a period from the send time of the first echo request 153 to the 
receive time of the first echo response 154, thereby measuring the 
round trip time RTTi . 

The application server 11 estimates the initial counter value 




set by the terminal unit 13 from the counter value in the counter 
field of the first echo response received, as well as measuring 
the RTTi . For example, when the counter value of the first echo 
response 154 is "121", since the number of routers passed through 
between the terminal unit 13 and application server 11 is normally 
less than 30 and the initial value set is to be a numeral easy to 
estimate, "128" is estimated as the initial counter value . Therefore, 
the number of routers up to the access server 12 is estimated to 
be "6" by equation (3) (estimation processing Ex 155). 

Then, the application server 11 sends the terminal unit 13 
a second echo request 156 that the estimated number of routers, 
"6" , issetas the counter value in the counter field . If the estimation 
above is correct, since the counter value is decremented by one 
every time the second echo request 156 is passed through the routers 
in the networks Nq to N^, the counter value becomes zero at the 
access server 12 and therefore a second echo response 157 is sent 
as a reply together with information that the second echo request 
156 is discarded. The application server 11 measures the round trip 
time RTT2 at the reception of the second echo response 157. 

As described earlier, the number of routers in the route from 
the application server 11 to the terminal unit 13 may be different 
from the number of routers in the route from the terminal unit 13 
to the application server 11. So, when receiving the second echo 
response 157 from the terminal unit 13, the application server 11 
judges that the number of routers up to the access server 12 calculated 
in the estimation processing Ei is not correct, and then sends the 
terminal unit 13 a new echo request that the initial counter value 
of the second echo request 156 being divided by two is set as the 




counter value of the counter field. Thus, the round trip time RTT2 
is measured. On the other hand, if the second echo response 157 
is not from the terminal unit 13, the application server 11 judges 
that the number of routers up to the access server 12 calculated 
in the estimation processing was correct (estimation processing 
E 2 158) . 

Then, the application server 11 calculates, by equation (1) , 
the data delay time t of the line 14 from the RTTi and RTT2 measured, 
and then estimates the network composition between the application 
server 11 and the terminal unit 13 in reference to the first criterion 
table in FIG. 9. In this process, when it is judged that the line 
14 with the terminal unit 13 connected is of a narrow-band line, 
the bandwidth of the line 14 is further estimated, based on the 
data delay time t, in reference to the second criterion table in 
FIG. 10 (estimation processing E3 159). 

When it is judged that the line 14 with the terminal unit 13 
connected is thus of a narrow-band line, the application server 
11 sends contents data stored inside to the terminal unit 13 according 
to the line bandwidth estimated from the second criterion table 
in FIG. 10. On the other hand, when it is judged that the line 14 
with the terminal unit 13 connected is of a broad-band line, the 
application server 11 sends the contents data stored inside to the 

terminal unit 13 at the maximum bandwidth (contents data 160^, I6O2, 
...) . 

As explained above, in the network system in this embodiment, 
when the terminal unit 13 acquires contents data through the line 
14 connected with the access server 12 from the application server 
11 that is included in the Internet composed of the networks Nq 



to 1% being connected each other through the first to N-th routers 
10i to 10^, the application server 11 sends the first echo request 
to the terminal unit 13, receives the first echo response sent in 
reply to that request, measures the round trip time RTTi up to the 
terminal unit 13, and estimates the number of routers between the 
application server 11 and the terminal unit 13 from the counter 
value, which is decremented by one every time being passed through 
one of the routers in the counter field of the echo response. Then, 
using the estimated number of routers, the application server 11 
further sends the second echo request so as to receive a reply from 
the access server 12, receives the second echo response sent in 
reply to that request, measures the round trip time RTT2 up to the 
access server 12. Therefore, by calculating the data delay time 
t of the line 14, the line bandwidth of the line 14 is estimated. 
Based on the line bandwidth, the contents data stored is supplied 
to the terminal unit 13. Thus, it is not necessary to send the 
connection information about the bandwidth of the line 14 etc. from 
the terminal unit 13. Further, without modifying the installation 
status of the terminal unit 13 , the terminal unit 13 can be comfortably 
supplied with the various service data to be transferred from the 
application server 11 . Therefore, this network system can be easily 
applied to the existing Internet system. 

Meanwhile, the network system in this embodiment does not depend 
on the connection relation of the networks Nq to N^. 

Although, in this embodiment , it is explained that the connection 
processing between the terminal unit 13 and the application server 
11 is conducted in three-way shake hand manner, the network system 
of the invention is not limited to such amanner. Also, in the three-way 




shake hand manner, the connection approval packet of the application 
server 11 in reply to the connection request packet from the terminal 
unit 13 may be processed as the echo request and the response packet 
from the terminal unit 13 to the application server 11 may be processed 
as the echo response . In this case, the number of packets communicated 
in the network can be reduced , therefore the throughput can be enhanced . 

Although, in this embodiment, the first criterion table in 
FIG. 9 uses 100 ms as the border of "large" and "small" in time for 
the judgement, the network system of this invention is not limited 
to this. For example, 90 ms may be used as the border. Namely, 
the border time can be a proper value to be selected according to 
the composition of the network system. 

Although, in this embodiment, the second criterion table in 
FIG. 10 assumes that the packet size of echo request is around 100 
bytes, the network system of this invention is not limited to this. 

The border of data delay time t is to be suitably altered in proportion 
to the packet size. Also, when the broad-band line is subject to 
the estimation or in order to enhance the precision of estimation, 
the packet size may be increased. 

Also, in this embodiment, when judged the estimation in the 
estimation processing Ei is not correct in the estimation processing 
E2, the initial counter value of the echo request is divided by 
two. However, the network system of this invention is not limited 
to this . Alternatively, the initial counter value of the echo request 
may be multiplied by a value n (n is 0<n<l) to be selected to enhance 
the estimation precision. 

In the network system of this invention, due to a convergence 
in the network, the second echo response may not be received by 




the application server 11. In this case, since the RTT^ is generally- 
larger than the RTT 2 , if the application server 11 does not receive 
the second echo response when the RTT^ elapses after the application 
server 11 sends the second echo request, the estimation processing 
E 2 may be processed determining this time-out. 

Although, in this embodiment, the estimation processing E 2 
is used to judge whether the estimation in the estimation processing 
Ei is correct or not, the network system of this invention is not 
limited to this. Alternatively, in the estimation processing E^ 
the round trip time RTTi is measured, and the round trip time RTT 2 
is measured using the second echo request that the estimated number 
of routers up to the access server 12 being divided by two without 
any check is set as the initial count value. Thus, the estimation 
processing E 2 can be omitted. This way is useful for a case that 
the transmission bandwidth of the networks Nq to is extremely 
larger than the bandwidth of the line 14 . As a result, the processing 
load of the application server 11 can be reduced while offering 
the same estimation precision as that in this embodiment. 

Advantages of the Invention: 

Inv the invention defined as claim 1 attached herein, it is 
not necess^y to send the connection information about the bandwidth 
of the communication line from the terminal unit. Also, the terminal 
unit can be comfortably supplied with the various service data to 
be transferred from tl^e application server. 

In the ^Ssmrention defined as claim 2 attached herein, the data 
delay time of comitH^nication line is calculated from the first round 
trip time from the sebond unit to the terminal unit and the second 
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round trip^time from the second unit to the first unit. Also, there 
is provided^ the communication line bandwidth storing means that 
stores, in advance, the bandwidth of communication line corresponding 
to the data delaV time of communication line, and the second unit 
sends data to the Verminal unit according to the calculated data 
delay time . ThereforV in addition to the advantages of the invention 
in claim 1, the bandwi^h estimation of the communication line 
connected to the terminal urn^t can be simply conducted at a relatively 
high precision. 

the invention defined as claim 3 attached herein, the bandwidth 
stimatioia of the communication line connected to the terminal unit 
is conduc tedSusing the echo request and echo response. Therefore, 
without modifying the installation status of the terminal unit, 
the network systemnof this invention can be easily applied to the 
existing Internet sys\^m. 

the invention defined as claim 4 attached herein, the 
application server checks whether the second echo response is from 
the terminal unit or not. When judged it is from the terminal unit, 
the applicatiok server determines that the estimated number of routers 
is not correct because the number of routers in the route from the 
application server tfc terminal unit is less than the number of routers 
in the route from the tVrminal unit to the application server. Then, 
it sends again the second echo request with the initial counter 
value of a less value by the rfe-send control means, thereby measuring 
the second round trip time. Thusv the bandwidth estimation precision 
of the communication line connecf^d to the terminal unit can be 
enhanced . 

In the invention defined as claims 5, 6 attached herein, the 



processing of the application server can be simplified, thereby 
the data transfer can be conducted efficiently even in case of a 
narrow-band link that is likely to be subject the convergence of 
network. Also, in\se of a broad-band line, the terminal unit can 
receive data more comf orfeaJbly . 

the invention defined as claims 7 to 9 attached herein, 
in a case\hat the connection processing to be conducted prior to 
the data transfer from the application server to the terminal unit 
is conducted in naree-way shake hand manner, the connection approval 
packet of the application server in reply to the connection request 
packet from the terminal unit is processed as the first echo request 
and the response packetVrom the terminal unit to the application 
server is processed as theflgirst echo response. Thereby, the number 
of packets communicated in t\e network can be reduced, therefore 
the throughput can be enhanced\ 

Although the invention has been described with respect to specific 
embodiment for complete and clear disclosure, the appended claims 
are not to be thus limited but are to be construed as embodying 
all modification and alternative constructions that may be occurred 
to one skilled in the art which fairly fall within the basic teaching 
here is set forth. 



